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Executive Summary 
 
 
 The overall goal of the of the Tank Farm Vadose Zone Project, led by CH2M HILL Hanford Group, 
Inc., is to define risks from past and future single-shell tank farm activities.  To meet this goal, CH2M 
HILL Hanford Group, Inc., asked scientists from Pacific Northwest National Laboratory to perform 
detailed analyses on vadose zone sediment from within the B-BX-BY Waste Management Area.  This 
report is the third in a series of three reports to present the results of these analyses.  Specifically, this 
report contains all the geologic, geochemical, and selected physical characterization data collected on 
vadose zone sediment recovered from a borehole installed approximately 4.5 m (15 ft) northeast of tank B-
110 (borehole 299-E33-46). 
 
 This report also presents our interpretation of the data in the context of the sediment lithologies, the 
vertical extent of contamination, the migration potential of the contaminants, and the likely source of the 
contamination in the vadose zone and groundwater east of the B Tank Farm.  The information presented in 
this report supports the B-BX-BY field investigation report prepared by CH2M HILL Hanford Group, 
Inc.(a) 
 
 Overall, our analyses identified common ion exchange and heterogeneous (solid phase-liquid solute) 
precipitation reactions as two mechanisms that influence the distribution of contaminants within that 
portion of the vadose zone affected by tank liquor.  We did not observe significant indications of caustic 
alteration of the sediment mineralogy or porosity, but we did observe slightly elevated pH values between 
the depths of 15 and 25 m (52 and 83 ft) bgs.  X-ray diffraction measurements indicate no evidence of 
mineral alteration or precipitation resulting from the interaction of the tank liquor with the sediment.  
However, no scans of samples by scanning electron microscopy were performed that might suggest that 
there is faint evidence of caustic attack. 
  
 Our analyses do not firmly suggest that the source of the contamination in the groundwater below and 
to the east of B Tank Farm is the 1971 transfer line leak at B-110.  However, we are firmly convinced that 
the fluids from the transfer line leak event are present in the vadose zone sediments at borehole 299-E33-46 
to a depth of 52 m (170 ft) bgs, within the Hanford H2 sand unit.  Below this depth the concentration of 
nitrate still appears to be slightly elevated above natural background levels. There is also elevated 
technetium-99 between 68 and 69 m (222 and 226 ft) bgs in the Plio-pleistocene mud layer but we can’t 
show that this contamination traveled through the entire vadose zone and in fact may have migrated 
horizontally from other sources. 
 
 The near horizontally bedded, northeasterly dipping sediment likely caused horizontal flow of the 
migrating contaminants.  At borehole 299-E33-46, there are several fine-grained lens within the H2 unit at 
                                                   
(a) Draft Field Investigation Report for Waste Management Area B-BX-BY.  RPP-10098, Draft, Volume 2, 

Appendix D, CH2M HILL Hanford Group, Inc., Richland, Washington. 
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26, 41, and 57 m (85, 168, and 186 ft) bgs that likely cause some horizontally spreading of percolating 
fluids. The 12.7-ft thick Plio-pleistocene fine-grained silt/clay unit is also an important horizontal flow 
conduit between 66 to 69.4 m (215 to 227.7 ft) bgs. 
 
 The porewater electrical shows a two-lobed elevated plume.  The shallower but more concentrated 
lobe, between 15.42 and 25.91 m (50.6 and 85 ft) bgs, resides within the middle sand sequence in Hanford 
H2 unit.  The shallow lobe appears to pond on top of the fine-grained lens at 85 ft bgs.  The slightly less 
concentrated lobe resides between 27.61 and 42.67 m (90.6 to 140 ft) bgs within the Hanford H2 unit.  
Thus, the leading edge of the transfer line leak plume appears to reside well above the water table at 78.0 m 
(255.8 ft) bgs. 
 
 Elevated nitrate concentrations in 299-E33-46 borehole sediment start at 50.6 feet bgs but the more 
concentrated zone resides between 26.8 and 51 m (87.8 and 168 ft) bgs within the Hanford H2 unit.  This 
more concentrated nitrate plume appears to stop at the fine-grained thin lens at 51 m (168 ft) bgs.  The 
peak vadose zone porewater nitrate concentration is 1.5 g/L at 41 m (134 ft) bgs.  The deeper units, H3 and 
PPlz, have porewaters that contain 100 to 200 and 130 mg/L nitrate, respectively.  These values appear to 
be slightly elevated above natural background values.  Even the coarse-grained PPlg unit that includes the 
water table has porewater nitrate concentrations that hover near 50 mg/L suggesting slightly elevated 
nitrate concentrations penetrate the entire vadose zone at this borehole.  However, an alternate source of 
nitrate within and below the PPlz could be the nearby cribs and trenches with horizontal transport within 
the very moist fine-grained sediments.   
 
 Within the Hanford H2 unit the porewater fluoride and bicarbonate concentrations are also elevated 
above natural background levels down to a depth of about 37 m (120 ft) bgs.  The porewater cation 
distributions show the ion exchange front wherein the sodium in the tank fluids pushes the naturally 
occurring divalent cations (calcium, magnesium and strontium) deeper into the sediments and out in front 
of the plume.  The most concentrated portion of the vadose zone plume has a porewater chemical 
composition that is 0.15M sodium and 0.13 M bicarbonate, 0.01 M fluoride, 0.007 M sulfate, and 0.003 M 
nitrate.  This composition is not as saline as contaminated porewaters below the BX-102 tank or under the 
S-SX tank farm.  
 
 The only detectable radionuclides in the vadose zone sediments from borehole 299-E33-46 are 
strontium-90, technetium-99 and a faint trace of water leachable uranium, which suggests non-natural 
uranium at very low concentrations.  Strontium-90 is considered to be the primary radionuclide released 
from tank B-110 transfer line and is concentrated in the sediment between 19 and 28 m (62 and 83 ft) bgs 
at concentrations between 1,000 and 11,250 pCi/g.  Strontium-90 in the sediments is not readily water 
leachable yielding an insitu desorption Kd value of >100 ml/g.  All technetium-99 concentrations in the 
shallow depths is at or below the detection limit thus it is difficult to determine if the technetium profile at 
299-E33-46 can be traced from below the tank all the way to the groundwater.  The two more concentrated 
peaks of technetium-99 are found in the deep H3 unit and in the PPlz unit and it is more likely that the 
technetium found at the deeper depths is from some horizontal migration of fluids containing technetium-99 
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from other sources that was carried to depth by active disposal of large quantities of contaminated water or 
some other driving force such as domestic water line leaks, recharge from topographic lows for snow melt 
etc. 
 
 In summary, the moisture content, pH, electrical conductivity, sodium, and strontium-90 profiles do not 
suggest that the leading edge of the plume has penetrated below 52 m (170 ft) bgs.  The profiles of two 
mobile constituents, technetium-99 and nitrate, suggest that the leading edge of the plume may have 
penetrated all the way to groundwater.  But there may be other sources of these two mobile contaminants in 
the deep vadose zone.  The very moist PPlz sediments, which contain a perched water table at several 
nearby wells, is a likely driving force to move fluids from other sources into the borehole environs.   
 



 

vii 

Acknowledgments 
 
 
 This work was conducted as part of the Tank Farm Vadose Zone Project led by CH2M HILL Hanford 
Group, Inc., in support of the U.S. Department of Energy’s Office of River Protection.  The authors wish 
to thank Anthony J. Knepp, Fredrick M. Mann, David A. Myers, Thomas E. Jones, and Harold A. Sydnor 
with CH2M HILL Hanford Group, Inc., and Marc I. Wood with Fluor Hanford for their support of this 
work.  We would also like to express our gratitude to Robert Yasek with DOE’s Office of River Protection. 
 
 We would especially like to thank Kent D. Reynolds (Duratek Federal Services, Inc.) for his efforts in 
design and construction of the core extruder, and Victoria Johnston and Kevin A. Lindsey (Kennedy Jencks 
Consultants, Inc.) for their insights on the geologic nature of the materials penetrated by this borehole. 
 
 Dr. Karl Koizumi (MACTEC-ERS ) was a co-author of Appendix C.  
 
 Finally, we would like to thank George Last, Bill Deustch, Ken Krupka, and Duane G. Horton for their 
technical review of this document, Karrol Lehman (Jacobs Engineering) for editorial and document 
production support and Shanna Muns (CH2M HILL Hanford Group, Inc.) for final word processing and 
formatting. 



 

ix 

Acronyms and Abbreviations 
 
 
ASA American Society of Agronomy 
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PPlz Plio-Pleistocene mud 
RCRA Resource Conservation and Recovery Act 
REDOX Reduction Oxidation Plant 
SEM scanning electron microscope 
TEM transmission electron microscopy 
UFA unsaturated flow apparatus (ultracentrifuge for squeezing porewater out of sediment) 
VZMS vadose zone monitoring system 
vol% volumetric water content 
XRD x-ray diffraction 
XRF x-ray fluorescene 
WMA Waste Management Area 
wt% gravimetric moisture content 
 



 

xi 

Contents 

Executive Summary................................................................................................................................ iii 

Acknowledgments .................................................................................................................................. vii 

Acronyms and Abbreviations .................................................................................................................. ix 

1.0 Introduction.............................................................................................................................. 1.1 

2.0 Geology ................................................................................................................................... 2.1 
2.1 Geologic Setting of the 241-B Tank Farm .................................................................... 2.1 
2.2 Drilling and Sampling Of Borehole 299-E33-46 (C3360).............................................. 2.3 
2.3 Geophysical Logging ................................................................................................. 2.12 
2.4 Sample Handling ....................................................................................................... 2.13 
2.5 Sub-Sampling and Geologic Description..................................................................... 2.14 
2.6 Geology of Borehole 299-E33-46 ............................................................................... 2.15 

2.6.1 Backfill ......................................................................................................... 2.15 
2.6.2 Hanford Formation........................................................................................ 2.15 
2.6.3 Hanford Formation H3 Unit........................................................................... 2.17 
2.6.4 Plio-Pleistocene Unit ..................................................................................... 2.17 

2.7 Discussion On Increased-Moisture Zones ................................................................... 2.21 
2.8 Historic Groundwater Levels...................................................................................... 2.24 

3.0 Geochemical Method and Materials .......................................................................................... 3.1 
3.1 Sample Inventory......................................................................................................... 3.1 
3.2 Tiered Approach.......................................................................................................... 3.1 
3.3 Materials and Methods................................................................................................. 3.1 

3.3.1 Moisture Content............................................................................................. 3.2 
3.3.2 1:1 Sediment-to-Water Extract ........................................................................ 3.2 
3.3.3 Porewater, Suction Candle, and Groundwater Composition .............................. 3.4 
3.3.4 Radioanalytical Analysis ................................................................................. 3.4 
3.3.5 Carbon Content of Sediment ............................................................................ 3.4 
3.3.6 8 M Nitric Acid Extract................................................................................... 3.5 
3.3.7 Elemental Analysis .......................................................................................... 3.5 
3.3.8 Particle Size Distribution................................................................................. 3.6 
3.3.9 Particle Density............................................................................................... 3.6 
3.3.10 Mineralogy...................................................................................................... 3.6 
3.3.11 Water Potential (Suction) Measurements ......................................................... 3.8 

4.0 Results and Discussion............................................................................................................. 4.1 
4.1 Moisture Content ......................................................................................................... 4.1 
4.2 1:1 Sediment-to-Water Extracts ................................................................................... 4.5 



 

xii 

4.2.1 pH and Electrical Conductivity ........................................................................ 4.6 
4.2.2 Porewater Anion Composition ....................................................................... 4.11 
4.2.3 Porewater Cation Composition ...................................................................... 4.12 
4.2.4 Porewater Trace Constituent Composition ..................................................... 4.27 
4.2.5 Porewater Solute Ratios ................................................................................ 4.31 

4.3 Radionuclide Content In Vadose Zone Sediment ......................................................... 4.46 
4.3.1 Gamma Energy Analysis ............................................................................... 4.46 
4.3.2 Strontium-90 Content of Sediment from 299-E33-46...................................... 4.46 
4.3.3 Uranium Content in Sediment ........................................................................ 4.56 
4.3.4 Technetium-99 Content in the Vadose Zone Sediments................................... 4.63 
4.3.5 Recharge Estimates Based on Technetium-99 Distribution in Sediments 

from Borehole 299-E33-46 ............................................................................ 4.65 
4.3.6 Tritium Content in Vadose Zone Sediments.................................................... 4.67 

4.4 Total Carbon, Calcium Carbonate, and Organic Carbon Content of Vadose 
Zone Sediment ........................................................................................................... 4.67 

4.5 8 M Nitric Acid Extractable Amounts of Selected Elements........................................ 4.71 
4.6 Sediment Total Oxide Composition ............................................................................ 4.82 
4.7 Particle Size Measurements On Vadose Zone Sediment .............................................. 4.87 
4.8 Particle Density of Bulk Sediment .............................................................................. 4.87 
4.9 Mineralogy ................................................................................................................ 4.87 
4.10 Matric Suction Potential Measurements...................................................................... 4.94 
4.11 Vadose Zone Monitoring System................................................................................ 4.98 
4.12 Groundwater Analyses ............................................................................................. 4.105 

5.0 Summary and Conclusions ....................................................................................................... 5.1 
5.1 Conceptual Model of the Geology At 299-E33-46 ........................................................ 5.1 
5.2 Vertical Extent Of Contamination ................................................................................ 5.3 
5.3 Detailed Characterization To Elucidate Controlling Geochemical Processes .................. 5.7 
5.4 Estimates of Sorption-Desorption Values ..................................................................... 5.8 
5.5 Other Characterization Observations ............................................................................ 5.9 

6.0 References................................................................................................................................ 6.1 

Appendix A – 299-E33-46 Geologic Descriptions of Split-Spoon And Grab Samples 
Performed During Core/Sample Opening In Pnnl Laboratory.................................... A.1 

Appendix B-1 – 299-E33-46 Splitspoon Core Sample Photographs ................................................... B.1 
Appendix B-2 – 299-E33-46 Composite Grab and Splitspoon Shoe Sample Photographs ..................B.55 
Appendix C – Correlation of Spectral Gamma Log Response Through Borehole Casing With 

90sr Concentration In Sediments.............................................................................. C.1 
Appendix D – X-Ray Diffractograms For Bulk And Clay Sized Sediments From 

Borehole 299-E33-46............................................................................................... D.1 
 



 

xiii 

Figures 
 
 

2.1 Generalized, Composite Stratigraphy for the Late Cenozoic Sediments Overlying the 
Columbia River Basalt Group at the B Tank Farm....................................................................... 2.2 

2.2 Location of Borehole 299-E33-46 Within the B Tank Farm.......................................................... 2.4 

2.3 Summary Geologic Log for Borehole 299-E33-46........................................................................ 2.5 

2.4 Sediment textural classification.................................................................................................. 2.14 

2.5 Medium to coarse sand recovered from the Hanford Formation H2 Unit in Borehole  
299-E33-46............................................................................................................................... 2.16 

2.6 Gravelly sand recovered from the Hanford formation H3 Unit in  
Borehole 299-E33-46. ............................................................................................................... 2.17 

2.7 Calcareous, quartzo-feldspathic fine sand recovered from the upper portion of the PPlz unit 
in borehole 299-E33-46. ............................................................................................................ 2.20 

2.8 Well-laminated silt to silty fine sand recovered from the lower portion of the PPlz unit in 
borehole 299-E33-46. ................................................................................................................ 2.20 

2.9. Sandy gravel recovered from the PPlg subunit in borehole 299-E33-46 ...................................... 2.21 

4.1 Moisture Content, Water Extract pH, Calculated Porewater, UFA and Suction Candle 
Porewater and Groundwater  Electrical Conductivity for Borehole 299-E33-46 .......................... 4.10 

4.2 Major Anions Calculated (from sediment-to-water extracts), UFA and Suction Candle 
Porewaters and Groundwater from  Borehole 299-E33-46.......................................................... 4.18 

4.3 Cations Calculated (from sediment-to-water extracts), UFA, and Suction Candle Porewaters 
and Groundwater for  Borehole 299-E33-46 Sediment................................................................ 4.24 

4.4 Pore Fluid Concentrations of Aluminum, Iron, Silicon, and Manganese (calculated from 
sediment-to-water extracts), UFA and Suction Candle Porewaters and Groundwater  for 
299-E33-46 Borehole Sediment ................................................................................................. 4.26 

4.5 Radionuclide Pore Water (calculated from sediment-to-water extracts), UFA and Suction 
Candle Porewaters and Groundwater for 299-E33-46 Borehole Sediment ................................... 4.33 

4.6 Porewater Ratios for Constituents versus Fluoride for 299-E33-46 Sediments. ........................... 4.42 



 

xiv 

4.7 Porewater Ratios for Uranium and Sodium to Other Species. ..................................................... 4.43 

4.8 Porewater Ratios for Key Constituents versus Each Other.......................................................... 4.44 

4.9 Porewater Ratios for Key Constituents versus Chloride. ............................................................. 4.45 

4.10 Uranium-238 and Potassium-40 Content in Sediment from Borehole 299-E33-46. ...................... 4.54 

4.11 Strontium-90 Content of Borehole 299-E33-46 Vadose Zone Sediments. .................................... 4.55 

4.12 Correlation Between Bremsstrahlung Signal (count rate between 60 and 350 kev) and Actual 
Strontium-90 Concentration in Vadose Zone Sediments from Borehole 299-E33-46.................... 4.56 

4.13 Total Uranium in Sediment Based on Three Techniques ............................................................. 4.60 

4.14 Technetium-99 and Uranium Concentrations in Acid and Water Extracts ................................... 4.64 

4.15 Comparison Between Acid and Water Extractable Concentrations of Major Cations................... 4.80 

4.16 Comparison Between Acid and Water Extractable Concentrations of Ba, Al, Si, and Fe ............. 4.81 

4.17 XRD Tracing of sample 110A along with the standard reference pattern for quartz. ................... 4.90 

4.18 XRD tracings of preferentially oriented clay slides taken from  Borehole 299-E33-46 
sample 110A............................................................................................................................. 4.92 

4.19 Matric Water Potential Measured by Filter Paper Technique on Core Samples from 
Borehole 299-E33-46 ................................................................................................................ 4.96 

4.20 Matric Water Potential Measured by Filter Paper Technique on Core Samples from 
Borehole 299-E33-338 Located Outside the SE Perimeter of the B Tank Farm. .......................... 4.97 

4.21 Vadose-Zone Monitoring System (without water-flux meter and temperature sensor) Before 
Deployment in B Tank Farm.  Sensors from left to right are the Modified CSI Water Content 
Sensor, Advanced Tensiometer, Suction Candle, and Heat-Dissipation Unit................................ 4.98 

 



 

xv 

Tables 
 
 

2.1 Stratigraphic Terminology Used in this Report for the Vadose Zone Beneath the B Tank 
Farm. .......................................................................................................................................... 2.2 

2.2 Splitspoon Samples from 299-E33-46.......................................................................................... 2.6 

2.3 Composite Grab and Split-Spoon Shoe Samples from 299-E33-46 ............................................... 2.7 

2.4 Fine-Grained Beds in Borehole 299-E33-46. .............................................................................. 2.23 

4.1 Moisture Content of Sediment from Borehole 299-E33-46.  (4 pages)........................................... 4.2 

4.2 Water Extract pH and Electrical Conductivity Values .................................................................. 4.7 

4.3 Anion Content of Water Extracts of Borehole 299-E33-46 (B-110 Sediment).  (4 pages) ............ 4.14 

4.4 Calculated Porewater Cation Composition from Water Extracts of Vadose Zone Sediment 
from 299-E33-46....................................................................................................................... 4.19 

4.5 Calculated and Actual Porewater Radionuclide Composition for Water Extracts of Sediment 
from 299-E33-46....................................................................................................................... 4.28 

4.6 Strontium-90 Recovery Waste Streams from Zirconium-Clad Fuel (a) ......................................... 4.32 

4.7 Ratio of Major Strontium Recovery Waste to Fluoride Found in Dilution Corrected 1:1 
Water to Sediment Extracts ....................................................................................................... 4.34 

4.8 Ratio of Constituents in Dilution Corrected 1:1 Water Extracts Versus Each Other .................... 4.38 

4.9 Gamma Energy Analysis of Vadose Zone Sediment from Borehole 299-E33-46.......................... 4.47 

4.10 Total Radionuclide Content of Vadose Zone Sediments from  Borehole 299-E33-46 ................... 4.50 

4.11 NTA Analyses for Selected 1:1 Sediment to Water Extracts From Strontium-90 
Contaminated Sediments............................................................................................................ 4.52 

4.12 Total Uranium Content in Vadose Zone Sediments Determined by Three Methods...................... 4.57 

4.13 Calculated In Situ Desorption Kd Values for Uranium in Vadose Sediments  at 299-E33-46 ....... 4.61 

4.14 Estimated recharge rates based on Tc-99 plume depth beneath B-110......................................... 4.66 



 

xvi 

4.15 Tritium Content in Vadose Zone Sediments Based on Water Extracts (pCi/g) ............................. 4.68 

4.16 Carbon Content in Vadose Sediment from 299-E33-46............................................................... 4.69 

4.17 Acid-Extractable Major Element Content of the Vadose Sediment from 299-E33-46 
Borehole.................................................................................................................................... 4.73 

4.18 Acid-Extractable RCRA Metal Content of the Vadose Sediment from 299-E33-46 Borehole....... 4.77 

4.19 Total Composition of the Vadose Zone Sediment from 299-E33-46 Percent Weight as 
Oxides....................................................................................................................................... 4.83 

4.20 Total Trace Constituents in Vadose Zone Sediment from 299-E33-46 in µg/g (ppm)................... 4.85 

4.21 Particle Size Distribution Percent Weight................................................................................... 4.88 

4.22 Particle Density of Bulk Sediment from 299-E33-46 .................................................................. 4.89 

4.23 Semi-quantitative XRD Results of Minerals from the S01052 Borehole...................................... 4.91 

4.24 Semi-quantitative XRD Results of Clay Minerals Separated from the Sediment Collected 
from Borehole 299-E33-46 ........................................................................................................ 4.93 

4.25 Matric Potential Measurements on Core and Grab Samples from Borehole 299-E33-46.............. 4.95 

4.26 VZMS Sensor Placement in Borehole 299-E33-46 near Tank B110 in B Tank Farm .................. 4.99 

4.27 pH, Electrical Conductivity and Anion Composition of Suction Candle Derived Porewaters 
vs. Time.................................................................................................................................. 4.100 

4.28 Major Cations and Selected Trace Metals Composition of Suction Candle Derived 
Porewaters vs. Time ................................................................................................................ 4.101 

4.29 Selected Trace Metals Composition of Suction Candle Derived Porewaters vs. Time ................ 4.103 

4.30 Composition of Groundwater Taken from Borehole 299-E33-46 at 255.8 ft bgs ....................... 4.106 

 


	Characterization of Vadose Zone Sediment:  Borehole 299-E33-46 Near B-110 in the B-BX-BY Waste Management Area
	Executive Summary
	Acknowledgments
	Acronyms and Abbreviations
	Contents
	1.0 Introduction
	2.0 Geology
	3.0 Geochemical Method and Ma
	4.0 Results and Discussion
	5.0 Summary and Conclusions
	6.0 References
	Appendix A - 299-E33-46 Geologic Descriptions of Split-Spoon And Grab Samples Performed During Core/Sample Opening In Pnnl Laboratory
	Appendix B-1  - 299-E33-46 Splitspoon Core Sample Photographs
	Appendix B-2  - 299-E33-46 Composite Grab and Splitspoon Shoe Sample Photographs
	Appendix C - Correlation of Spectral Gamma Log Response Through Borehole Casing With 90sr Concentration In Sediments
	Appendix D - X-Ray Diffractograms For Bulk And Clay Sized Sediments From Borehole 299-E33-46
	Distribution List




